The present study describes the phytochemical profile and antioxidant activity of the essential oils of three Piperaceae species collected in the central region of Cuba. The essential oils of Piper aduncum, P. auritum and P. umbellatum leaves, obtained by hydrodistillation, were analyzed by gas chromatography-mass spectrometry. The main components of P. aduncum oil were piperitone (34%), camphor (17.1%), camphene (10.9%), 1,8-cineol (8.7%) and viridiflorol (7.4%), whereas that of P. auritum and P. umbellatum was safrole (71.8 and 26.4%, respectively). The antioxidant properties of the essential oils were also evaluated using several assays for radical scavenging ability (DPPH test and reducing power) and inhibition of lipid oxidation (ferric thiocyanate method and evaluation against Cucurbita seed oil by peroxide, thiobarbituric acid and p-anisidine methods). P. auritum showed the strongest antioxidant activity among the Piper species investigated, but lower than those of butylated hydroxyanisol and propyl gallate.
Piper is an ecologically important genus of the family Piperaceae and consists of about 1,000-2,000 species. It has been reported that Piper species and, therefore, their essential oils possess antimicrobial, antifungal, antileishmanial and cytotoxic activities [1] [2] [3] [4] [5] [6] , which have made them an important target in recent years in the search for new antiparasitic treatments [7] . These species have been used in ethnomedicine for their astringent, spasmolytic, stomachic and diuretic properties; in Cuba, they have been used especially as hemostatic and antihemorroidal agents, and for treatment of gonorrhoea and leucorrhoea [9] . Several studies of the essential oils of Piper species cultivated in different regions of the world have been reported, showing a great variation both in their composition and in their pharmacological activities. Thus, most investigations of P. aduncum essential oil, containing dillapiole as its main component, have shown larvicidal activity against Aedes aegypti [10] [11] [12] . On the other hand, P. auritum essential oil, which is rich in safrole [8, 13] , has been tested for its antibacterial, antiprotozoal and antioxidant activity [14] , its action in pregnancy [15] , and its cytotoxicity and antileishmanial activity [8] . Few phytochemical studies of P. umbellatum have been reported [16, 17] . Terpenes (mainly in the essential oil), alkaloids, flavonoids, sterols and other classes of secondary metabolites were found. The extracts and pure compounds derived from P. umbellatum have shown a wide spectrum of pharmacological activities [18] . In Cuba, research on the essential oil composition of P. aduncum [11, 19] and P. auritum [8, 13] have been reported, but only one work on the volatile composition of P. umbellatum [16] has been described. These works were focused on Piper species from the western region of Cuba. Additionally, in most of them, the antioxidant activities of these essential oils have not been discussed in detail. Thus, the aim of the present study was to carry out a comparative study of the chemistry and antioxidant activity of essential oils obtained from three Piperaceae species (P. aduncum, P. auritum and P. umbellatum), cultivated in the Cuban central region.
The chemical composition of the essential oils obtained from P. aduncum, P. auritum and P. umbellatum leaves by hydrodistillation is given in Table 1 . The GC-MS investigation led to the identification of 12, 14 and 27 constituents, representing 95.7, 92.6 and 95.2% of the total oil of P. aduncum, P. auritum and P. umbellatum, respectively. Regarding oil composition, monoterpenes were predominant in all the oils (60-88%), but the importance of the oxygenated monoterpenes varied. Thus, the essential oils of P. aduncum and P. auritum contained higher contents of oxygenated monoterpenes (67 and 74%, respectively) than P. umbellatum (50%). However, this latter oil gave a large amount of sesquiterpenes (34%) compared with the other essential oils (4-15%). Piperitone was the major constituent (34%) of P. aduncum, followed by camphor (17.1%), camphene (10.9%), 1,8-cineole (8.7%) and viridiflorol (7.4%). This composition was quite different from that described in several earlier reports of this species. Thus, the chemotype, frequently found in the Americas, South East Asia and Oceania, contained dillapiol as its main component (30-90%) [10] [11] [12] . However, in some Brazilian accessions, dillapiole was not detected, and terpene compounds such as (E)-nerolidol (ca. 80%), and linalool (ca. 32%) were evidenced [10] . Specimens of P. aduncum from Bolivia and Panama [20] also exhibited significant chemical variations. A recent study of a variety of P. aduncum NPC Natural Product Communications 2013 Vol. 8 No. 9 1325 -1328 (subsp. ossanum), an endemic species grown in western Cuba [19] , showed a great similarity to the P. aduncum characterized here, which contained piperitone (32.1%), viridiflorol (8.9%), and camphor (36%) as the major components. These differences in chemical composition could be associated to both genetic and environmental variations. Safrole was the major constituent (71.8%) in P. auritum essential oil, followed by other compounds in minor proportion such as camphene (5.5%). These results are in agreement with those previously reported [8, 13] . Safrole was also identified as the major constituent of P. umbellatum essential oil (26.4%), although other minor components such camphor (9.6%), -caryophyllene (6.6%) and (E)-nerolidol (4.9%) were also found. The occurrence of safrole as the predominant component was in accordance with the report of Pino et al. [16] for species from western Cuba, although different from accessions from other countries such as Costa Rica [17] .
The results of the DPPH assay for the three essential oils and several antioxidant additives (BHA, PG and eugenol) are shown in Table 2 . A low IC 50 value (concentration of sample required to scavenge 50% of free radicals) typically indicates a large antioxidant activity. Thus, the essential oil of P. auritum exerted higher scavenging power (ca. two-fold) than that of eugenol, whereas P. aduncum and P. umbellatum gave similar values to eugenol. However, the three essential oils showed lower scavenging activities than BHA and PG.
The reducing power of the essential oils and several antioxidants is depicted in Figure 1 . In general, with increasing concentration of antioxidant additive, an increase in the reducing power was evidenced. P. auritum showed similar values to eugenol and better reducing power than the other Piper species investigated. These results were in agreement with previous data obtained from the DPPH test. In any case, the Piper oils at the tested concentrations showed lower capacity to reduce ferric ion than synthetic antioxidants. The amount of peroxides in the initial stages of lipid peroxidation was measured using the FTC method. As shown in Figure 2 , the absorbance of the linoleic acid emulsion in the control sample (without additive) increased rapidly during this period. The P. aduncum and P. umbellatum oils showed lower antioxidant activities than those of antioxidant standards, but P. auritum provided higher activity than those of these oils, similar to that of eugenol, and lower than those of BHA, carvacrol and PG. In all cases, the samples containing additives showed antioxidant activities significantly larger than that of the control (p < 0.05 level). The antioxidant activity of the essential oils was also estimated on crude Cucurbita seed oil. Peroxides, which are the primary products of lipid oxidation, play a central role in auto oxidation of lipids. As shown in Figure 3 , the PV of crude Cucurbita oil control sample increased from 10.4 meq/kg to 40 meq/kg, which was higher than the PV increase in the samples containing either the studied Piper essential oil or an antioxidant additive. The P. umbellatum and Essential oil of Piper aduncum, P. auritum and P. umbellatum Natural Product Communications Vol. 8 (9) 2013 1327 P. aduncum essential oils exerted a light reduction in terms of PV compared with P. auritum oil and antioxidant standards. This last oil showed an antioxidant activity better than eugenol and carvacrol but lower than those of BHA and PG. During oxidation, peroxides are generally decomposed to secondary oxidation products such as malonaldehyde and 2-alkenals, which are measured by the TBA and p-anisidine methods, respectively [21] . The effect of Piper essential oils on malonaldehyde formation in terms of TBA value versus incubation time at 60ºC is shown in Figure 4 . Similar findings (for Piper species) as those obtained from the PV measurements (Figure 3 ) could be established. The p-anisidine method was also applied ( Figure 5 ). The P. auritum oil again provided the best results among the Piper essential oils tested. Thus this essential oil was effective in preventing the formation of both primary and secondary oxidation products. 
Essential oil isolation:
Hydrodistillation using a Clevenger's type apparatus in accordance with the European Pharmacopoeia was carried out [22] . The yields (%, w/w, according to dry leaves) of oils obtained were 1.3% (P. aduncum), 2.5% (P. auritum) and 2.0% (P. umbellatum). The oils were dried over anhydrous Na 2 SO 4 and preserved in sealed vials at 4ºC prior to analysis.
GC-MS analysis:
A Focus GC equipped with an AI 3000 autosampler and coupled to a DSC II mass spectrometric detector (operated at ionization energy of 70 eV) from Thermo Fisher Scientific (Austin, TX, USA) was used. The analytical fusedcapillary column was a TR-5MS (95% dimethyl-5% phenylmethylpolysiloxane, 30 m, 0.25 mm i.d., 0.25 µm film thickness) from Thermo Fisher Scientific. The oven temperature was programmed as follows: 50°C (1 min), rising at 3°C/min to 150ºC (15 min), then 10ºC/min up to 280ºC for 5 min. The transfer line and ion source temperatures were set at 280°C. Helium was used as the carrier gas at a flow rate of 1 mL min -1 . Samples (1 μL of essential oil) were dissolved in ethyl acetate and injected into the GC system in the split mode (1:20) . The compounds were identified by comparison of their mass spectra with those previously reported [23, 24] . The retention indices were measured (relative to C 7 -C 40 on the TR-5MS column) and compared with literature data [24] . All assays were performed in triplicate.
DPPH free radical scavenging activity and reducing power:
DPPH free radical and reducing power were measured according to Dung et al. [25] and Kapoor et al. [26] , respectively.
Complementary antioxidant activity in linoleic acid system (FTC method):
The antioxidant activity of P. aduncum, P. auritum and P. umbellatum essential oils, and natural (eugenol and carvacrol) and synthetic (BHA and PG) antioxidants was determined according to the FTC method [27] .
Evaluation of antioxidant activity in Cucurbita seed oil:
The essential oils investigated and several antioxidants (eugenol, carvacrol, BHA and PG) were added individually (at levels of 0.02%, w/v) to unrefined crude Cucurbita seed oil. The initial PV of Cucurbita seed oil was 10.4 meq of O 2 /kg. The mixtures were homogenized and incubated at 60ºC in the dark for 4 weeks.
Oxidative deterioration was periodically assessed by measuring the peroxide (PV) [28] , TBA [29] and p-anisidine [30] values. Under similar conditions, a blank (Cucurbita seed oil without any additive) was also monitored.
Statistical analysis:
Duplicated samples of Cucurbita seed oil for each treatment/period were taken. Each sample was analyzed individually in triplicate. The quantitative data of essential oil and evaluated antioxidants were statistically compared with the control by Student's t-test using p ≤ 0.05 (Microsoft Excel statistical software).
